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(57) ABSTRACT

The invention relates to a device for the inductive transfer of
electric energy from a stationary unit that has at least two
similar primary inductances (1-4) to a vehicle (5) standing
adjacent to said unit. The primary inductances (1-4) of the
stationary unit can be supplied with electrical current inde-
pendently of one another and the current supply can be indi-
vidually activated or deactivated by a central control unit (12).
Preferably, the device is equipped with a uniform two-dimen-
sional arrangement (26-32, 27A-31A) of a plurality of pri-
mary inductances that are similar to one another and are in the
form of a rectangular matrix (26-31). Either a dedicated out-
put of a central current supply unit or a dedicated current
supply unit (7-10) is assigned to each primary inductance.
Preferably, the vehicle has several secondary inductances that
are similar to one another, the dimensions and arrangement of
said inductances being designed in such a way that several
pairs of secondary and primary inductances overlap at any
one time in at least one position of the vehicle (5A, 5B, 5C).

20 Claims, 4 Drawing Sheets
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1
DEVICE FOR THE INDUCTIVE TRANSFER
OF ELECTRICAL ENERGY

FIELD OF THE INVENTION

The invention relates to a device for inductive transmission
of electrical energy. Devices of this kind are used for induc-
tive charging of a rechargeable battery installed in an electric
vehicle. Nowadays they are usually constructed with a ratio of
1:1 between the primary side and secondary side. As the two
sides are matched to one another accordingly, it is not straight
forward to use a completely different design of a secondary
side for transmission of energy. At the least, the efficiency is
greatly reduced and much higher leakage fields occur when
the secondary coil is much smaller than the secondary coil.

BACKGROUND OF THE INVENTION

WO 2008/051611 A2 discloses a system for the inductive
transfer of electrical power to a vehicle, wherein the station-
ary primary side as well as the secondary side on the vehicle
each comprise a plurality of coils. The coil arrangements on
the primary and secondary side are symmetrical to each other.
The common power supply unit of the primary coils can vary
the phase differences between the currents fed into the pri-
mary coils in order to cause an asymmetrical shape of the
magnetic flux lines. Thereby the shape of the flux lines is
supposed to be adapted to the position of the secondary coils,
i.e. a possible lateral misalignment of the secondary coils
relative to the primary coils is supposed to be compensated.

SUMMARY OF THE INVENTION

Therefore, the underlying object of the invention is to
create a solution for the inductive charging of vehicles with
different charging powers at one and the same charging sta-
tion which is characterized by a high efficiency and minimal
leakage losses.

According to the invention, this object is achieved through
a device as disclosed herein. Advantageous variants are also
disclosed herein.

For inductive transmission of electrical energy from a sta-
tionary unit to a vehicle standing in the vicinity hereof, the
invention provides at least two primary inductors which are of
the same type and can be supplied with electrical current
independently of one another, wherein their supply of current
can be activated or deactivated individually by a central con-
trol unit.

Thus, a core idea of the invention is modularization of the
primary inductor which inevitably means corresponding
modularization of the secondary inductor. Preferably, a regu-
lar two-dimensional arrangement of a plurality of primary
inductors of the same type is provided, which for example can
have the form of a rectangular matrix. As an alternative to the
classic form of matrix, successive rows can each be offset in
relation to one another in their longitudinal direction by half
the grid spacing of a row in order to obtain a higher packing
density.

In the interests of modular construction of the complete
system, each primary inductor can be assigned its own current
supply unit, all the current supply units being connected with
a common control unit which controls the currents fed from
the current supply units into the individual primary inductors
individually, in particular by activating or deactivating the
individual current supply units. As an alternative to this, a
central current supply unit can also be provided having a
plurality of outputs to each of which is connected an indi-
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vidual primary inductor. In this case, the individual outputs
are controlled individually by the control unit.

The decision as to which primary inductors should be
supplied with current can be taken by the control unit on the
basis of impedance or voltage measurements at the primary
inductors through which the presence of a secondary inductor
in the area of each individual primary inductor can be deter-
mined For this, the current supply unit is equipped with a
corresponding measuring device, and the use of a simple
voltage measurement for detecting the position of the second-
ary inductors requires that they are energized.

The number of secondary inductors on the vehicle side can
vary between a single primary inductor and the total number
of primary inductors of a charging station according to the
charging power requirement of a vehicle, and in the case of a
plurality of secondary inductors, these should be arranged so
that a simultaneous paired overlap can be created between a
plurality of secondary inductors and primary inductors by
suitable positioning of the vehicle. This is guaranteed when
the arrangement of the secondary inductors at least matches a
part portion of the arrangement of the primary inductors.

The invention allows the inductive charging of different
sizes of electric vehicles having a different power require-
ment and a secondary side in each case matched to this power
requirement in a charging station designed for the power
requirement of a large vehicle without any notable losses in
the case of smaller vehicles which do not require the maxi-
mum possible charging power. Furthermore, for smaller
vehicles the invention provides a plurality of equally opti-
mum charging positions, i.e. creates a certain tolerance for the
positioning of smaller vehicles. The invention also makes it
possible to charge a plurality of smaller vehicles simulta-
neously in a charging station in place of a single large vehicle.

Apart from this, the modularisation according to the inven-
tion provides for higher unit numbers of smaller primary and
secondary inductors, which brings cost advantages with mass
production. The same also applies accordingly for the current
supply units if these are included in the modularization.
Another advantage of the invention is the creation of redun-
dancy. Thus, charging with a reduced charging rate is also still
possible when a part of the primary and/or secondary induc-
tors and/or current supply units is faulty in that faulty com-
ponents are switched off and only the intact components are
used.

BREIF DESCRIPTION OF THE DRAWINGS

In the following, embodiment examples of the invention
are described with reference to the drawings in which:

FIG. 1 shows a diagrammatic illustration of one form of
embodiment of a device according to the invention with an
electric vehicle roughly in the charging position,

FIG. 2 shows diagrammatic illustrations of different sizes
of electric vehicle with different secondary coil arrange-
ments,

FIG. 3 shows the different sizes of electric vehicles in FIG.
3 in each case in a charging position in a primary coil arrange-
ment according to the invention,

FIG. 4 shows a plurality of examples of different primary
coil arrangements in matrix form,

FIG. 5 shows a primary coil arrangement with rows of coils
which are offset and of different lengths,

FIG. 6 shows different charging positions of a vehicle with
a single secondary coil in a primary coil arrangement accord-
ing to the invention, and
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FIG. 7 shows different charging positions of a vehicle with
a plurality of secondary coils in a different primary coil
arrangement according to the invention.

DETAIL DESCRIPTION OF THE INVENTION

One form of embodiment of a device according to the
invention with four primary coils 1 to 4 of the same type in a
square arrangement is shown diagrammatically in the plan
view in FIG. 1. An electric vehicle 5 which is equipped with
only a single secondary coil 6 is just located over the arrange-
ment of the primary coils 1to 4 for charging. The circular base
area of the secondary coil 6 is shown hatched in FIG. 1 to
differentiate it from those of the primary coils 1 to 4. This kind
of illustration is also used as the basis of all the other figures.
The diameter of the secondary coil 6 matches that of the
primary coils 1 to 4. As can be seen, the secondary coil 6
covers the primary coil 4 to a large part, but not completely,
while it is a distance from the other primary coils 1 to 3. Thus,
the position of the vehicle 5 is not ideal for transmission of
energy viewed overall, however of all the primary coils 1 to 4
present the primary coil 4 is the only one that is perfectly
suitable for this.

The individual primary coils 1 to 4 are in each case con-
nected with their own current supply unit 7 to 10 each of
which is connected to a mains lead 11 from which it can draw
electrical power in order to pass this to the associated primary
coil 1 to 4. The operating parameters (voltage, current, fre-
quency) of the feed into the primary coils 1 to 4 are optimized
for inductive transmission to a secondary coil 6 and differ
from the operating parameters of the mains lead 11.

The individual current supply units 7 to 10 are connected
with a central control unit 12 which has the task of controlling
the supply of current to the individual primary coils 1 to 4 by
the current supply units 7 to 10 according to need. In the
example shown, this means that only the primary coil 4 is to
be supplied with current while the other three primary coils 1
to 3 remain inactive. This is carried out by means of control
leads 13 to 16 which act on switches 17 to 20 by means of
which the current supply units 7 to 10 can be switched indi-
vidually to a control voltage lead 21. Such a switching opera-
tion causes the activation of the respective current supply unit
7 t0 10 and as a result the feeding of current into the associated
primary coil 1 to 4. In the example shown, the control unit 12
only emits a closing signal for the switch 20 on the control
lead 16, through which the current supply unit 10 is activated
to supply current to the primary coil 4. No closing signals are
emitted on the remaining control leads 13 to 15 so that the
switches 17 to 19 remain open and the current supply units 7
to 9 remain inactive.

From the individual current supply units 7 to 10 signal
leads 22 to 25 run to the control unit 12. Through these signal
leads 22 to 25, impedance measuring devices integrated in the
current supply units 7 to 10 each emit measurement signals to
the control unit 12 which indicate the impedance values of the
primary coils 1 to 4 assigned to each. These impedance values
are influenced by the presence of a secondary coil 6 in the area
of a primary coil 1 to 4, in particular when this is short
circuited, which is perfectly possible in the arrival phase of
the vehicle in the primary coil arrangement since no trans-
mission of energy is taking placing yet in this phase. In the
situation shown in FIG. 1 only the impedance value of the
primary coil 4 is changed by the presence of the secondary
coil 6. The impedance values of the remaining primary coils
1 to 3 can be influenced by the bodywork of the vehicle 5. If
the system is designed appropriately, the change in imped-
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ance caused by this is much smaller than the change in imped-
ance of the primary coil 4 caused by the secondary coil 6.

The control unit 12 comprises an evaluation unit which
observes the distribution of the impedance values of the indi-
vidual primary coils 1 to 4 on the basis of the measurement
signals received through the signal leads 22 to 25 and, fol-
lowing comparison with a threshold value, determines over
which of the primary coils 1to 4 a secondary coil 6 is located.
In the situation shown in FIG. 1 this is only the primary coil 4
which consequently is selected as the only one to receive
current. If the electric vehicle 5 were to move further to the
right and its secondary coil 6 were to mainly cover the pri-
mary coil 1, this would be selected and the assigned current
supply unit 7 would be activated by closing the switch 17 by
means of a signal on the control lead 13.

As an alternative to the embodiment example with a plu-
rality of decentral current supply units 7 to 10 presented
previously, the invention could also be produced with the aid
of a single central current supply unit which exhibits a plu-
rality of separately activateable outputs (zone controller con-
cept or transformer).

Previously, an electric vehicle 5 with only a single second-
ary coil 6 was assumed. However, the object of the invention
is to be able to charge different sizes of vehicles with different
power requirements in one charging station. For this, the
different sizes of vehicles, as illustrated in FIG. 2, have to be
equipped with a different number of secondary coils. Next to
a small vehicle 5 with a single secondary coil 6 on the right,
in the middle the figure shows a medium sized vehicle SA
with four secondary coils in a square arrangement 6 A and on
the left a large vehicle 5B with eight secondary coils in a
rectangular arrangement 6B. The small vehicle 5 can be a
passenger car for example, the medium sized vehicle 5A can
be a van or mini bus, and the large vehicle 5B can be a truck
or omnibus. The direction of travel of the vehicles 5, 5A and
5B is the upward direction in FIG. 2 and in FIG. 3.

FIG. 3 shows the different sizes of vehicles 5, 5A and 5B
from FIG. 2 over a rectangular arrangement 26 of eight pri-
mary coils. Like the embodiment example shown in FIG. 1,
each individual primary coil of the arrangement 26 is
assigned its own current supply unit which is no longer shown
in FIG. 3 and all the following figures, and a central control
unit is provided which is also not shown any more. The
geometry of the primary coil arrangement 26 is exactly the
same as the geometry of the secondary coil arrangement 6B of
the large vehicle 5B, both as regards the size of the individual
coils and as regards their number and their arrangement in
relation to one another.

The large vehicle 5B in FIG. 3 on the left is located in an
almost optimum charging position in that the secondary coil
arrangement 6B almost exactly covers the primary coil
arrangement 26, i.e. every individual secondary coil lies
exactly over a primary coil. In this case, all the primary coils
of the arrangement 6B are activated and used to charge the
battery of the vehicle 5B. The primary coil arrangement 26
and the secondary coil arrangement 6B are designed so thatan
adequately large amount of power can be transmitted to
charge the battery of the large vehicle 5B at an appropriate
rate. For the large vehicle 5B there is only one optimum
charging position in the illustrated direction of travel as the
complete covering of the secondary coil arrangement 6B with
the primary coil arrangement 26 is only possible in one posi-
tion. In the reverse direction of travel there would also be only
one optimum charging position. This is nota problem as large
vehicles such as omnibuses or trucks are driven by specially
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trained drivers with appropriate driving expertise who can be
trusted to position their vehicle with sufficient precision when
parking in a charging station.

In the middle of FIG. 3 the medium sized vehicle 5A is also
located in an almost optimum charging position in that the
secondary coil arrangement 6B comprising four secondary
coils in this case almost exactly covers half of the primary coil
arrangement 26, i.e. every single secondary coil lies exactly
over a primary coil of said half In this case, four of the eight
primary coils of the arrangement 26, namely the front four in
the driving direction in FIG. 3, are activated and used to
charge the battery of the vehicle 5B. The primary coil
arrangement 26 and the secondary coil arrangement 6A are
designed so that in that case as well a sufficiently large
amount of power can be transmitted in order to charge the
battery of the medium sized vehicle 5A at an appropriate rate.

As can be seen from FIG. 3, the secondary coil arrange-
ment 6A of the medium sized vehicle 5A exactly corresponds
to a half of the secondary coil arrangement 6B of the large
vehicle 5B. Therefore, there are several optimum charging
positions for the medium sized vehicle 5A. For example, the
medium sized vehicle could also be positioned so that its
secondary coil arrangement 6B exactly covers the middle
four or the rear four primary coils of the primary coil arrange-
ment 26 in the direction of travel. The same applies to the
exact opposite direction of travel. The medium sized vehicle
5A could even stand in a direction of travel rotated through
+90° in relation to that shown. And then there would be in
each case three different optimum charging positions in each
case exactly covering four primary coils of the primary coil
arrangement 26 with the secondary coil arrangement 6B. On
the basis of the impedance measurement mentioned previ-
ously, in every case it is possible to establish which primary
coils of the primary coil arrangement 26 are covered by
secondary coils of the secondary coil arrangement 6B in a
suitable manner for transmission of energy, and the covered
primary coils specifically can be supplied with current and
those not covered can be left inactive.

In FIG. 3 on the right the small vehicle 5 is also in an almost
optimum charging position in that the single secondary coil 6
in this case almost exactly covers a primary coil of the pri-
mary coil arrangement 26. In this case, only one of the eight
primary coils of the arrangement 26 is activated, namely the
coil located in the front right corner of the arrangement 26 in
the direction of travel, and used to charge the battery of the
vehicle 5. The primary coil arrangement 26 and the secondary
coil 6 are designed so that in this case as well a sufficiently
large amount of power can be transmitted to charge the bat-
tery of the small vehicle at an appropriate rate.

As can be seen immediately, there are a large number of
optimum charging positions for the small vehicle, eight alone
in the direction of travel shown in FI1G. 3 as the secondary coil
6 can optionally be lined up with every single primary coil of
the primary coil arrangement 26. The same applies to the
exact reverse direction of travel and for a direction of travel
turned through +90°.

Obviously, the primary coil arrangements shown in
[FIGS.] 1 to 3 can be varied within wide limits while main-
taining the effect attainable through the invention. Some
examples of such variations can be seen in FIGS. 4 and 5. The
primary coil arrangements 27 to 31 shown in FIG. 4 on the
left-hand side are strictly rectangular, whereas the primary
coil arrangements 27A to 31A shown on the right-hand side
are parallelogram-shaped or approximately rectangular.

The simplest conceivable arrangement 27 consists of just
two primary coils and allows only very coarse grading of the
transmission power according to the size of vehicle in two
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stages. The square arrangement 28 with four coils has already
been explained in connection with FIG. 1. The arrangements
29 to 31 are extensions which are based on the form of a
matrix consisting of rows and columns with the same spacing
between the individual rows and between the individual col-
umns.

Due to the usually rectangular base area of a vehicle body,
it appears expedient to align an at least roughly rectangular
coil arrangement with the longer side in the proposed direc-
tion of travel of the vehicle to be charged. In the boundary
case, just a single row of coils arranged one behind another in
the proposed direction of travel of a vehicle to be charged
could also be provided. As a rule, the arrangement of primary
coils in rows with the transmission power levels attainable
nowadays is limited by the existing lengths of vehicle or
useable space for the secondary coils.

The corresponding arrangements 27A to 31A on the right-
hand side of FIG. 4 differ from those on the left-hand side in
each case in that successive rows are offset in relation to one
another in the longitudinal direction of the rows by half the
grid spacing of a row. As can be seen in particular from a
comparison of the arrangements 30 and 30A and 31 and 31A
this offset allows a higher packing density of primary coils,
i.e. a given number of primary coils of a given diameter can be
accommodated in a smaller area.

The primary coil arrangement 32 according to FIG. 5 cor-
responds to the arrangements 27 A to 31A as regards the offset
of successive rows, but overall has no roughly rectangular or
parallelogram-like form, but a hexagonal form with a total of
six axes of symmetry.

The positional tolerance of the primary coil arrangement
according to the invention in relation to vehicles with fewer
secondary coils mentioned previously already in connection
with FIG. 3 is made clear by the examples shown in FIGS. 6
and 7. Here, FIG. 6 starts with the situation underlying FIG. 3
on the right in which an electric vehicle 5 with only a single
secondary coil 6 is to be charged in a charging station with a
rectangular arrangement 26 of eight primary coils, with the
proposed direction of travel of the vehicle 5 the upward direc-
tion.

In the vehicle position shown on the far left, the secondary
coil 6 lies over the foremost primary coil in the left-hand
column in the direction of travel. In the vehicle position
shown next beside it on the right the secondary coil 6 lies over
the secondary primary coil from the rear in the left-hand
column. In the vehicle position shown next on the right beside
it the secondary coil 6 lies over the second primary coil from
the front in the right-hand column. In the vehicle position
shown on the far right the secondary coil 6 finally lies over the
foremost primary coil in the right-hand column in the direc-
tion of travel, with the vehicle 5 standing not exactly in the
proposed direction of travel but at a slight oblique angle
thereto. Thus, in the situation underlying FIG. 6 there is a
positional tolerance both in the direction of travel and trans-
versely to the direction of travel, and also with regard to an
oblique position of the vehicle in relation to the proposed
direction of travel.

For the invention to work, it is not necessary for the base
areas of the primary coils and the secondary coils to line up as
in FIGS. 1to 6. FIG. 7 shows an example for the situation in
which a vehicle with secondary coils with a smaller base area
is to be charged in a charging station with primary coils with
a larger base area. The vehicle 5C shown there exhibits a
secondary coil arrangement 6C which is marked by hatching
and consists of two rows each of three secondary coils lying
one behind the other in the direction of travel (at the top in
FIG. 7). The primary coil arrangement 33 consists of atotal of
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17 primary coils which lie one behind the other in seven rows
in the direction of travel, the rows in each case being alter-
nately offset laterally by half a row grid spacing and of dif-
ferent length.

On the left-hand side of FIG. 7 the vehicle 5C stands in the
proposed direction of travel, but the secondary coils of the
secondary coil arrangement 6C lie only partly over primary
coils, partly exactly over spaces between different primary
coils. In this case, current is only supplied to those primary
coils over which secondary coils are located at least roughly.
These are here only the two front primary coils of the middle
row of the primary coil arrangement 33 over which the two
middle secondary coils are located predominantly and the
two right-hand secondary coils each roughly up to half The
energized primary coils are marked in FIG. 7 by a larger
thickness of line. The two left-hand secondary coils are
located roughly in the middle over spaces between primary
coils. With inphase feeding of the surrounding primary coils,
the fields thereof would certainly overlap in the area of the
secondary coils lying between them, but the leakage losses
would be high, so energizing these primary coils would not
appear to be expedient.

In the middle of FIG. 7 the vehicle 5C is also standing in the
proposed direction of travel, but in this case the four outer
secondary coils of the secondary coil arrangement 6C on the
left-hand and right-hand longitudinal sides of the vehicle 5C
each lie over primary coils of the primary coil arrangement
33, whereas the two middle secondary coils each lie exactly
between two primary coils. Thus, in this case, current has to
be supplied to four primary coils covered by secondary coils
which are also marked by the thickness of the lines.

On the right-hand side of FIG. 7 the vehicle 5C is standing
clearly at an oblique angle to the proposed direction of travel.
Even so, in this case five of the six secondary coils each lie
over a primary coil so that five primary coils can be energized
and the battery of the vehicle 5C can be charged at a relatively
high rate. Only the secondary coil in the front left-hand corner
of the secondary coil arrangement 6C lies exactly between
two primary coils and can therefore not be exposed to a strong
alternating magnetic field by the primary coil arrangement
33.

When a vehicle for charging is driven over the primary coil
arrangement of a charging station according to the invention,
the positioning of the vehicle for the charging operation can
be supported by further sensors, e.g. based on radar, ultra-
sound, infrared light, photoelectric cells, and by wireless
communication between the approaching vehicle and the
control unit of the charging station, in addition to the imped-
ance measurement already mentioned previously. In particu-
lar, here the kind of vehicle can be identified as regards the
number and arrangement of the secondary inductors, giving
one or more optimum positions for the charging operation
into which the vehicle should be manoeuvred with the aid of
the impedance measurement and possibly additional sensors.

Here it is also conceivable to energize the secondary coils
in the arrival phase of the vehicle to produce its own magnetic
field from the vehicle battery in order to make it easier for the
charging station to detect their positions. However, the details
of the manoeuvring of the vehicle are not the object of the
present invention.

It is understood that the charging of the battery of a large
vehicle with a high charging rate requires the provision of a
relatively high total power. With smaller vehicles this high
power allows comparatively rapid charging of the battery. In
this way a short standing time of the vehicle in a charging
station according to the invention can be offset by a higher
charging power.
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Inresidential areas for example most garages for passenger
cars only have a single phase mains connection (230V/10A)
with which a charging power of approx. 2 kW can be
obtained. Therefore, such a garage can be fitted with a single
primary coil which is fed by a current supply unit designed for
this power. Overnight, a vehicle is charged over a longer
period of time with this power. During the day it is possible to
charge the same vehicle for example in a company parking
bay where a three-phase connection (400V/16A) with a trans-
mission power of approx. 6 kW can be provided easily for a
charging station. In this case it is advantageous if the vehicle
is equipped with two or more secondary coils, only one of
which is used when charging in the garage at home, whereas
two or more secondary coils are used when charging for a
shorter time in the company parking bay.
Quick-charging electric “filling stations™ can also be oper-
ated on the basis of this concept. When vehicles are equipped
with a plurality of secondary coils, usually only a single
secondary coil is used at home and during daily operation.
However, when a large quantity of energy has to be transmit-
ted as rapidly as possible, a plurality of secondary coils are
used.
When talking here about primary and secondary coils,
generally coupled inductors are meant which need not nec-
essarily be coils of conventional type. For example, their base
area can be other than the circular shape used as the basis in
the embodiment examples and the windings need not be
helical but can also be planar. The precise design of the form
of'the inductors is at the discretion of the specialist in the art.
The invention claimed is:
1. A device for inductive transmission of electrical energy
from a charging station to a vehicle, the device comprising:
at least two primary inductors of a same type, each of the
primary inductors electrically connected to a current
supply unit such that each primary inductor has its own
power supply for producing an electrical output;

voltage-measuring devices, each current supply unit hav-
ing a voltage-measuring device integrated therein;

a controller in electrical communication with the current

supply units; and

signal leads, each current supply unit having a signal lead

running to the controller;
wherein the voltage-measuring devices measure voltage
induced by presence of a secondary inductor producing
a magnetic field at each primary inductor and emit mea-
surement signals through the signal leads to the control-
ler, each of the measurement signals indicating an
induced voltage measured at each primary inductor; and

wherein electrical current is supplied to each primary
inductor individually through a switch activated or deac-
tivated by the controller to control the electrical current
supplied to each primary inductor based upon distribu-
tion of induced voltages measured at each of the primary
inductors.

2. The device according to claim 1, wherein the charging
station comprises a two-dimensional arrangement of a plu-
rality of the primary inductors.

3. The device according to claim 2, wherein the plurality of
primary inductors is arranged in a form of a rectangular
matrix.

4. The device according to claim 2, wherein the plurality of
primary inductors is arranged in successive rows having the
same row spacing and the same grid spacing within the rows,
the successive rows offset in a longitudinal direction by half
the grid spacing of a row.

5. The device according to claim 1, further comprising at
least one secondary inductor, wherein, when a vehicle is in a
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charging position, the at least one secondary inductor has a
geometry such that it lies over and covers at least one primary
inductor.

6. The device according to claim 5, wherein the at least one
secondary inductor has a same base area as the base area of
the primary inductors.

7. The device according to claim 5, wherein the at least one
secondary inductor has a smaller base area than the base area
of the primary inductors.

8. The device according to claim 1, further comprising a
plurality of secondary inductors, wherein, when a vehicle is in
a charging position, the plurality of secondary inductors have
an arrangement and a geometry such that they lie over and
cover the primary inductors.

9. The device according to claim 8, wherein each of the
plurality of secondary inductors has a same base area as the
base area of the primary inductors.

10. The device according to claim 8, wherein each of the
plurality of secondary inductors has a smaller base area than
the base area of the primary inductors.

11. The device according to claim 8, wherein the arrange-
ment of the plurality of the secondary inductors is identical to
at least part of an arrangement of the primary inductors.

12. A device for inductive transmission of electrical energy
from a charging station to a vehicle, the device comprising:

at least two primary inductors of a same type;

a controller in electrical communication with the at least

two primary inductors;

a current supply unit in electrical communication with the
controller, the current supply unit having a plurality of
separately-activateable outputs;

a voltage-measuring device integrated with the current
supply unit; and

a signal lead running from the current supply unit to the
controller;

wherein the voltage-measuring device measures voltage
induced by presence of a secondary inductor producing
a magnetic field at each primary inductor and emits
measurement signals through the signal lead to the con-
troller, each of the measurement signals indicating an
induced voltage measured at each primary inductor; and

wherein electrical current is supplied to each primary
inductor individually from the separately-activateable
outputs through a switch activated or deactivated by the
controller to control the electrical current supplied to
each primary inductor based upon distribution of
induced voltages measured at each of the primary induc-
tors.

13. The device according to claim 12, wherein the charging
station comprises a two-dimensional arrangement of a plu-
rality of the primary inductors.

14. The device according to claim 13, wherein the plurality
of primary inductors is arranged in a form of a rectangular
matrix.
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15. The device according to claim 13, wherein the plurality
of primary inductors is arranged in successive rows having
the same row spacing and the same grid spacing within the
rows, the successive rows offset in a longitudinal direction by
half the grid spacing of a row.

16. The device according to claim 12, further comprising at
least one secondary inductor, wherein, when a vehicle is in a
charging position, the at least one secondary inductor has a
geometry such that it lies over and covers at least one primary
inductor.

17. The device according to claim 16, wherein the at least
one secondary inductor has a same base area as the base area
of'the primary inductors or the at least one secondary inductor
has a smaller base area than the base area of the primary
inductors.

18. The device according to claim 12, further comprising a
plurality of secondary inductors, wherein, when a vehicle is in
a charging position, the plurality of secondary inductors has
an arrangement and a geometry such that they lie over and
cover the primary inductors.

19. The device according to claim 18, wherein each of the
plurality of secondary inductors has a same base area of the
primary inductors or each of the plurality of secondary induc-
tors has a smaller base area than the base area of the primary
inductors.

20. A method for charging a battery of an electric vehicle
using a device for inductive transmission of electrical energy
from a charging station to the electric vehicle, the method
comprising the steps of:

positioning the electric vehicle in a charging position at the

charging station;
inducing a voltage at at least one of at least two of primary
inductors of the device using a magnetic field produced
by a secondary inductor of the electric vehicle;

measuring the induced voltage at each primary inductor
using a voltage-measuring device of the device;

emitting signals through signal leads of the device to a

controller of the device to indicate induced voltage at
each of the primary inductors;

comparing the induced voltages to a predetermined thresh-

old;

identifying primary inductors in which the induced voltage

exceeds the predetermined threshold and identifying
primary inductors in which the induced voltage does not
exceed the predetermined threshold; and

supplying electrical current individually to each primary

inductor in which the induced voltage exceeds the pre-
determined threshold through a switch activated by the
controller and cutting off electrical current individually
to each primary inductor in which the induced voltage
does not exceed the predetermined threshold through a
switch deactivated by the controller, whereby the battery
of the electric vehicle is charged.

#* #* #* #* #*



